I. In one experiment according to a latin square design five sheep with fistulas in the abomasum and terminal ileum were given diets based on barley. Five diets were compared, one without protein supplementation, two with different levels of fish meal and two with combinations of fish meal and urea.
Previous work (0rskov, Fraser & McDonald, 1971 b) on the digestion of concentrates in sheep has shown that in mature sheep there was no increase in the amount of non-ammonia crude protein passing through the abomasum when urea was added to a barley diet containing about 96 g crude protein/kg dry matter. This finding agreed with calculations based on the formation of microbial protein during ruminal fermentation of the diet (Hungate, 1966) and indicated that energy was limiting the amount of microbial protein formed in the rumen. On an unsupplemented barley diet, however, there was a large increase in the amount of nitrogen entering the rumen, resulting from an influx of non-protein N (NPN) from saliva and blood. It was suggested that a young lamb which was actively utilizing most of the amino acids it absorbed for tissue protein synthesis and thus returning less NPN to the rumen would respond to a dietary supplement of NPN. More recently it was found that when urea was added to a barley diet given to young lambs there was increased fermentation of dietary starch in the rumen and also the rates of N retention and live-weight gain increased ((arslrov, Fraser & McDonald, 1972) . The optimum level of dietary crude protein for microbial growth in these circumstances was about 130 g/kg dry matter.
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We have studied the response of young lambs to urea supplementation when their barley diet was supplemented with a protein (fish meal). With adult sheep it was found that, although fish-meal supplementation produced quite large increases in the amount of protein passing through the abomasum, more than half the supplement appeared to be degraded to ammonia and volatile fatty acids in the rumen. As this ammonia would serve as a source of N similar to that supplied by urea, there might be little benefit from giving a urea supplement and a protein supplement to a barley diet; unless the urea reduced degradation of the protein supplement it would be unlikely to produce a response. Thc effects of supplements on digestion in sheep were studied in Expt I and the effects on growth rate and N utilization in Expt 2. A brief account of Expt I has been published (Orskov & Fraser, 1972 ).
E X P E R I M E N T A L
Expt I Animals. Five female Suffolk x North Country Cheviot sheep between j and 8 months old were used. They were fitted with cannulas in the abomasum and terminal ileum by the procedure of Orskov, Fraser & Kay (1969) .
Diets. Details of the diets are given in Table I . Diet 4 was made by replacing 10 g/kg of diet 2 with urea and diet 5 by replacing 10 g/kg of diet 3 with urea. All diets were pelleted through a 7-4 mm die.
Design and treatments. The five sheep werc given each diet for a 14 d period according to a latin square design. The level of feeding approached maximum intake on the ration scale previously reported (0rskov et al. 1971 a, b) .
Management and sampling procedure. The sheep were kept on slats in individual pens, Half their daily food allowance was given at 08.00 hours and half at 20.00 hours.
The amount of uneaten food was recorded daily and dried to constant weight at 100'. Fresh water was always available. During the last 24 h of each treatment period, samples of abomasal, ileal and rectal contents were obtained at 2 h intervals (Mrskov et al. 1971a ). It was assumed that the compositions of the pooled samples were representative of the compositions of the total 24 h flow at each sampling point. The disappearances of digesta between the mouth and the abomasum, between the abomasum and the terminal ileum and between the terminal ileum and rectum are referred to as disappearances in the rumen, the small intestine and the large intestine, respectively. The disappearance of food components in each organ was assessed from changes in the concentration of Cr,O, relativc to that which was incorporated into the diets as a mixture baked with a wheat-flour paste to ensure homogenous mixing. During the last three periods and in a subsequent period when the five sheep received a similar diet supplemented with urea alone, samples of rumen liquor were obtained by stomach tube on the last day of each period at 11.00 hours.
Analyticalprocedure. AnimaZs. Thirty-nine male and thirty-nine female Suffolk x (Finnish Landrace x Dorset Horn) sheep were used. They were weaned at 4 weeks of age and were allocated to the experimental treatments at an average weight of 14 kg, when they were about 6 weeks of age.
Diets. T h e ingredients of the barley diet (A,) and of the barley-fish-meal diets (B,, C, and D1) are given in Table I (on a fresh-weight basis). Urea was substituted for barley in diets A,-D, as follows: 7 g/kg for diets A,, B,, C, and D,; 14 glkg for diets A,, B, and C,; and 21 g/kg for diets B, and C,.
Design and treatments. The lambs were divided into six blocks of thirteen according to live weight and sex, and one lamb from each block was allocated at random to each of the thirteen diets. Feeding levels were adjusted each week for each animal according to its live weight, by means of a feeding scale which was estimated to approximate to maximum intake.
Management. The animals were given their daily allocated rations in two equal amounts at 08.00 and 20.00 hours. T h e amount of uneaten food was recorded at weekly intervals and dried to constant weight at 100'. Live weights were recorded weekly, fresh water was always available, and the animals were bedded with sawdust. At about 25 kg live weight the male lambs were placed in metabolism cages for a period of 14 d, during the last 8 d of which the faeces and urine were collected. T h e lambs were slaughtered when about 35 kg liye weight and the weights of liver at slaughter and of cold carcass 24 h after slaughter were recorded. N contents of the diets, and of faeces and urine, were determined by methods used in Expt I.
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The mean dry-matter intakes varied between treatments, being 891, 970, 1044, 1060 and 1070 g/d for treatments 1-5 respectively. Estimates of quantities of digesta were all adjusted to a dry-matter intake of 1025 g/d, direct proportionality being assured.
Mean values for intake of organic matter and its apparent disappearance in different segments of the gut for each treatment are given in Table 2 . An estimate of the true disappearance of dietary organic matter in the rumen (Table 2) was obtained by adjusting for bacterial organic matter on the assumptions that bacteria contain 105 g N/kg organic matter (Hungate, 1966) and I g D A P A / I~I g N (Hutton, Bailey & Annison, 1971 ). There were no significant differences between treatment means. The mean apparent disappearance of digestible organic matter was about 60% in the rumen, 3 2 % in the small intestine and 8 % in the large intestine, but estimates 93 Vol. 3 1
Protein and non-protein N utilization by lambs The amount of N in abomasal and ileal contents is given in Table 3 . The percentage of non-ammonia crude protein (NACP) in the abomasal dry matter increased linearly with fish-meal supplementation (P < 0.05). The proportion of D,4PA in abomasal protein decreased linearly with fish-meal supplementation ( P < 0.001) but was not significantly changed by urea supplementation. Ammonia concentration in abomasal fluid also increased linearly with fish-meal supplementation (P < 0.01) and was further increased by urea supplementation (P < 0.001). T h e concentration of NACP in ileal fluid increased linearly with fish-meal supplementation ( P < O~O I ) , but was not significantly affected by urea supplementation. The concentration of ammonia in the ileal contents did not differ between treatments. The treatment mean valucs for intake and disappearance of crude protein in various segments of the gut are given in Table 4 . There was a linear increase in the amount of crude protein disappearing in the rumen with increasing amounts of fish meal in the diet (P < 0.01).
Also the amounts of NACP passing through the abomasum and disappearing in the small intestine increased linearly with fish-meal supplementation ( P < o -o~) , by 3.8 g and 3.9 g respectively for each additional 10 g of protein from fish meal. The only significant effect of urea was to increase the disappearance of N in the rumen ( P < 0.001). There were no significant effects of protein supplementation on the crude protein disappearing in the large intestine or excreted in the faeces.
Treatment mean values for the apparent digestibilities of dry matter, organic matter, crude protein and ash are given in Table 5 . The only significant effects of treatments were h e a r increases in the apparent digestibility of protein with increasing fish-meal supplementation ( P < 0.001) and further increases when urea was included ( P < 0-OI), and a linear increase in the apparent digestibility of ash with increasing fish-meal supplemcntation ( P < 0.05). There were no apparent differences between the treatments in proportions of volatile fatty acids in the samples of rumen contents E. R. @RSI<OV, C. FRASER, I. MCDONALD AND R. I. SMART 1974 proportions and the amount of protein passing through the abomasum.
Expt 2 T h e results of the balance trials are given in Table 6 . There were similar and statistically significant differences in apparent digcstibility of dry matter ( P < 0.001) and of organic matter ( P < 0.001). The effects of urea supplementation on apparent digestibility of organic matter are shown in Fig. I . The response to urea supplementation was dependent on the level of fish meal in the basal diet. Only in the absence of fish meal was there a significant increase in digestibility between the first and second levels of urea supplementation, and at the highest level of fish meal there was no response to urea at all. There were also treatment differencesinurinary N and digestibility of N (P < O*OOI), retained N ( P < o-o~), and the ratio of retained N to digestible organic matter intake ( P < 0.05). The digestibility of N increased as N supplementation increased. The N retention was increased by urea supplementation, particularly at the low level of fish meal (30 g/kg) in the diet, and was increased by fish-meal supplementation.
I n Table 7 , initial weight, final weight, carcass weight, rate of live-weight gain and food conversion ratios have been given. There were significant treatment effects on growth rate and on food conversion ratio ( P < 0.001). Results for the latter could not be combined for males and females; therefore separate mean values have been shown. The results for male lambs are shown in Fig. z by plotting food conversion efficiency (the reciprocal of food conversion ratio) against level of urea supplementation. The reciprocal was used to facilitate comparison with Fig. I . The response to urea supplementation, as in Fig. I , was apparently dependent on the protein level in the basal diet. Only in the absence of fish meal was there a significant increase in food conversion efficiency as a result of the change from the first to the second level of urea supplementation and at the higher protein levels there was no response to urea.
D I S C U S S I O N
Effect of urea on digestion of jish meal The effects of increasing the amount of fish meal in the diet are similar to those reported previously (Orskov et al. 19716) ; an increase of ~o g fish protein in the diet increased the protein passing the abomasum by 3.5 to 4 g and this protein was completely digested in the small intestine. The amount of NACP disappearing from 97 VOl. 31 Protein and non-protein N utilization by lambs When urea was added to the diets supplemented with fish meal there was no increase in NACP passing the abomasum. This may be compared with the earlier observation (8rskov et al. 1971b ) that the addition of urea to a barley diet did not increase the NACP passing the abomasum. It may be concluded that urea does not appear to spare dietary protein from degradation.
E' ect of protein and NPili on apparent digestibility of dry and organic matter
The highly significant response of digestibility to N supplementation found in Expt z was almost certainly the result of an increase in the amount of rumen fermentation (0rskov et al. 1972) . The plateau in digestibility shown in Fig. I therefore indicates when there was adequate N for microbial fermentation. Since fish meal is only partly degraded in the rumen, the concentration of dietary N necessary to give an adequate N supply for the microbes would be expected to be higher with fish-meal than with urea supplementation. The results shown in Fig. I are consistent with this idea; the plateau of digestibility was reached at a lower concentration of N when urea formed all or part of the supplement. Therefore there may be a nutritional situation in which urea would be superior to fish meal as a supplement of N. This Rould occur with animals whose protein requirements could be completely satisfied by microbial protein and undegraded protein from the basal diet, e.g. nonlactating sheep in early pregnancy.
Effect of urea and fish meal on food conversion It can be seen from Fig. z that the sheep could not attain their optimum feed conversion efficiency when the basal diet was supplemented with urea alone. This pattern differs from that of the digestibilities shown in Fig. I , and the comparison provides an interesting illustration of the difference between the N requirement of the rumen microbes and that of the lamb. With each addition of fish meal the lambs responded by increasing their efficiency of food conversion. This was expected since even the highest level was slightly below the optimum concentration of protein (Andrews & lilrskov, 1970) . When urea was added to diets containing the lower levels of fish meal, food conversion efficiency increased with the first increment but there was no further increase. At the highest level of fish meal, urea supplementation had no effect; there was a slight but non-significant decrease in food conversion efficiency. This result is consistent with the conclusion from Expt I that urea does not spare dietary protein from degradation. When the N generated as a result of protein degradation together with recycled N was sufficient to provide N for maximum microbial growth, no response to urea would be expected.
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E. R. DRSKOV, C. FRASER, I. MCDONALD AND R. I. SMART 1974 Choice of type of supplement foy cereal diets for ruminants Our results indicate that when a choice has to be made between supplementation with protein, with urea, or with a mixture of the two, the following principles may provide some guidance: (I) Urea can be used as the only source of supplementary N whenever the animal's protein requirement can be satisfied by undegraded basal protein together with the microbial protein produced when carbohydrates are fermented; it is possible that in these circumstances urea N might sometimes be even better than a protein supplement. (2) Supplementation will have to be with protein when, as with the young animals used here, requirements exceed those which can be satisfied by microbial protein. Whether it will be advantageous to provide urea additionally will depend on whether microbial requirements can be satisfied by degradation of protein from the basal diet and from the protein supplement. (3) Urea will be useful in combination with a protein supplement if the latter is protected from microbial degradation, for instance with formaldehyde (Ferguson, Hemsley & Reis, 1967) Urea may be useful when given with a low-protein supplement, which does not satisfy microbial requirements from the degraded fraction. This combination would be appropriate when the animal's requirement was only slightly higher than that which could be met by microbial and undegraded basal protein alone. The level of supplementary protein above which urea supplementation would cease to be beneficial would vary with the susceptibility of that particular protein to degradation (See
